(19) 



J 



(12) 



(43) Date of publication: 

07.05.1997 Bulletin 1997/19 

(21) Application number: 96116658.4 

(22) Date of filing: 17.10.1996 



Europdisches Patentamt 
European Patent Office 
Office urop^en des brevets (11) EP 0 771 822 A1 

EUROPEAN PATENT APPLICATION 

(51) !ntCI.«:C08F 10/02, C08F 4/642 



(84) Designated Contracting States: 


• Proto, Antonio 


AT BE DE ES R FR GB IT NL SE 


Novara 0T) 




• Vigllarolo, Diego 


(30) Priority: 27.10.1995 IT M95221 4 


Rho (Milano) (IT) 


• Guglielmetti, Gianfranoo 


(71 ) Applicant: ENICHEM S.pJL 


Bogogno (Novara) (IT) 


1-20124 Milano (IT) 


• Gila, Ullana 


(72) Inventors: ' 


Camerfano (Frazione dl Casalino), Novara (IT) 


• Fusco, Roberto 


(74) Representative: Gennari, Marco 


Novara (IT) 


Enirlcerche S.pJV., 


• Longo, Luca 


BREL, 


Novara (IT) 


Via F. Maritano, 26 




20097 San Donato Milanese (Ml) (IT) 



(54) Catalytic system for the (co}poiymerlzatlon of alpha-olef ins 

(57) A catalytic system with an increased activity for 
the (oo)polymerlzatton of alpha-olef ins comprises a cat- 
alyst of the metaltocene type, which is capable of 
polymerizing olefins without aluminoxane. and a weak 
co-ordinating polar compound. 

The polymerization process based on this catalytic 
system enat)les a higher productivity to be obtained with 
respect to an analogous process canried out with the 
metailocene-type catalyst as such. 
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Description 



The present invention relates to an activated catalytic system for the (co)polymerizalion of alpha-olef ins. 
More specif icaily, the present invention relates to a catalytic system comprising a metallocene complex f a transi- 
5 tion metal, active in homo- and coi^olymerization processes of alpha-olefins. and particularly ethylene. 

It is generally known in the art that alpha-olefins can be polymerized by means of low. medium or high pressure 
processes with catalysts based on a transition metal, generally known as Ziegler-Natta type catalysts. 

A particular group of these catalysts, generally having very high polymerization activities, consists of the combina- 
tion of an organo-oxygenated derivative of aluminium (commonly called aluminoxane) with a T]^-cyclopentadienyl deriv- 
10 ative of a transition metal, also commonly called metallocene. which can be defined in its most general form with the 
following formula (1): 



20 wherein M represents a metal of group 4 of the periodicallat^e of elements, formally in the oxidation state of 44, and is 
preferably titanium or zirconium: R'' and each independently represent a group having an anionic nature such as. for 
example, a hydride, a halide, a phosphonated or sulfonated anion, an alkyl or aikoxy group, an aryl or aryloxy group, an 
amide group, a silyl group, etc; Cp independently represents a ligand of the T|^-cyciopentadienyl type and is generally 
selected from ii^-cydopentadienyl, ii^-indenyl. i^^-lluorenyl and their variously substituted derivatives; can, inde- 

25 pendently of the nature of the other substitutes, have one of the definitions of the ilgand Cp, or R^ or R^ groups. 
"Bridged** metallocenes are also of particular interest in the known art, wherein the two Cp and R3 groups, the same or 
diff rent, are linked by a covalent bridge which normally also comprises other carbon atoms or heteroatoms. For a 
known technique for the preparation of the above compounds, reference should be made, as an example, to the publi- 
cation of H. Sinn, W. Kaminsky, in Adv. Organomet. Chem.. vol. 18 (1980), page 99 and U.S. patent 4.542.199. 

30 Catalytic systems based on metallocenes nornnally allow high polymerization activities to be reached in the pres- 
ence of an aiuntinoxane in great molar excess with respect to the metal M, with an atomic ratio Al/M usually between 
500 and 5000. This creates the presence of a relatively high quantity of aluminium in the poiyolefins tiius obtained, con* 
sequently making them unsuitable for numerous applications in which the presence of metal ions is not tolerable, such 
as. for example, when insulating properties or food compatbi-lity are required. 

35 In addition, aluminoxanes and particularly methylalumoxane which is the activator nomiaily used, necessitate rel- 
atively complicated synthetic methods and conservation which make their use in various appiicatk)ns inconvenient with 
respect to the less costly traditional catalytic systems based on titanium or vanadium chlorkies and alumlniumalkyis. 

More recentiy catalysts of tiie metalk)cene type have been developed, which are capable of polymerizing olefins 
also without aluminium compounds and partteularly aluminoxanes. These systems are commonly based on the fbrma- 

40 tion of a catalytic species of a cationic nature, obtained by ttie contact of a suitable metallocene with strong Lewis adds. 
Various cationic systems of this type are desaibed for example, in the publications of R.R. Jordan in "Advances in 
Organometallic Chemistry", vol. 32 (1990). pages 325-387. and X. Yang et al. in "Journal of the Amerk:an Chemical 
Society", vol. 11 6 (1 994), page 1 001 5, which provide, as well as a detailed description of the f ieU. numerous patent ref- 
erences on the subject 

45 The activity of cationic metallocene catalytic systems is generally lower, however, than the high activity of systems 
using methylalumoxane in prejudice of a wkier diffusion of the former. 

A small increase in the activity of catalysts conrprising metallocenes of tiansition metals, particularly Ti and Zr, has 
been observed in digo- and poty-merization processes of alpha-olefins carried out in polar solvents. F.S. Duiachkovskii 
et al., in "Journal of Polymer Science. Part C", vol. 16 (1967) pages 1333-1339. desaibes an increase in the oligomer- 

60 ization constant of 1-decene in the presence of a catalytic system obtained by tiie combination of cyclopentadienyltiia- 
nium methylchloride with aluminiummethyldichlorkie, when the solvent medium varies from benzene to dichtoroethane. 
The same reference also describes a polymerization experiment of ethylene in dichloroethane using the same catalytic 
system in the presence of an electric field. In each case the productivities observed were low. A polymerization process 
of olefins carried out in a solvent such as dichloroethane is also industrially unrealistic owing to tiie great purification 

55 difficulties of the polymer obtained with tills process and for the high operating costs of the process Itself. 

German patent 4.426.122 (Nippon Oil) discloses the use of an organic compound containing at least one fluorine- 
carbon bond to increase the activity of a catalytic system conrprising a metallocene of a metal of group 4 of the periodic 
table and methylaiuminoxane (MAO). Also in this case, however, a relatively small increase in activity is observed, 
which is obtained, in addition, in the presence of MAO, with the relative disadvantages mentioned above. 
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European patent application pub. No. 648.786 relates to a polymerization catalyst conprising an ionic metailocene 
and a Lewis base. Although inaeased polymerization activities are shown at high temperature with diisobutylphthalate. 
the strong Lewis bases disclosed in this reference are known to have a poisoning effect n olefin polymerization catalyst 
which make their use unsuitable for many processes at low to medium terrperature. 
5 The demand for nietalk)cene catalysts with a high activity excluding the use of aluminoxanes as activators therefore 
remains unanswered. 

The Applicant has now surprisingly found that the activity of metailocene catalysts not comprising aluminoxanes is 
considerably increased in the presence of particular organic substances not containing metals. 

A f ifst object of the present invention therefore relates to an improved catalyst for the (oo)polymerizatfon of atpha- 
10 olefins comprising the following components in contact with each other: 

(A) a metailocene derivative of a metal selected from the group consisting of transition metals and lanthanides. 
capable in itseH of promoting the polymerization of olefins without organo-oxygenated compounds of metals of 
groups 13 or14 of the periodic table of elements, 
15 (B) a substance not containing metal atoms, characterized in that this substance (B) consists of an apnotic polar 
compound having a weak co-ordinating capacity. 

^ A second object of the present invention relates to an improved process for the (co)polymerization of alpha-olef ins 
characterized in that it is carried out in the presence of the above improved catalyst 

20 The term ''(co)polymerization of alpha-olefins" as used hereafter in the text and claims refers both to the homopo- 
lymerization and copolymerization of alpha-olef ins with each other or with another ethylenically unsaturated polymeriz- 
able compound. ' 

The metailocene derivative (A) of the present invention is an organometallic compound of a transition metal or lan- 
thanide. preferably a metal selected from Ti, Zr and Hf. characterized by the presence of at least one n^-cydopentadi- 

25 enyl group co-ordinated to the metal, and by the capacity of promoting the polymerization of alpha-olef ins also without 
an organoK}xygenated compound of a metal of groups 13 or14 of the periodic table. These organo-oxygenated com- 
pounds are monomeric or polymeric organometallic derivatives containing at least one oxygen atom linked to a metal 
of group 13 or 14 of the periodic table, such as. for example, aluminoxanes, especially methylaluminoxane. galloxanes 
or stannoxanes. which are widely used as co-catatysts of many catalytic systems based on metallocenes. 

30 The elements silicon and cartx)n. belonging to group 1 4 of the periodic table of elements are not considered metals 
for the purposes of the present invention. In acoordahce with the present invention the term transition metals" refers to 
metals of groups 3 to 10 Of the periodic tatile, whereas "lanthanides" are metals having an atomic number of between 
57 and 71. 

Metailocene derivatives (A) of the type defined above are loiown and have been widely described in literature. They 
35 usually consist of an ionic (anion-cation) system in which the cation comprises the metailocene. These metailocene 
derivatives (A) can be obtained by different methods described in literature, generally by the reaction of a metailocene 
with a compound capable of extracting a group sigma-bonded to the metal with the formation of a cationic species. Met- 
allocenes which are suitat>le for the formation of these ionic metailocene derivatives are those having the following gen- 
eral formula (II): 

40 




wherein: 

55 

M represents a metal selected from metals of groups 3 to 5. or from the group of lanthanides in the periodic table 
of elements: 

Cp is an anion containing a i^^-cyclopentadienyl ring co-ordinated to the metal M, 

each of the n R independentiy represent a substituent group selected from hydride, halide, a CrCe alkyi group, a 
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C3-C12 aikyisilyl group, a Cs-Ob cycloalkyl group, a Cg-C^o aryl group, a Ci-Cb alKoxyt group, a C^-Cs cartnxyl 
groupi a C2-C10 dialkyiamide group and a C4-C^ all^Isitytamide group: 

R** represents a substhuent group of the same nature as the previous R* groups, independently selected from 
these, or a second anion containing a ii^-cydopentadienyl ring oo-ondinated to the metal M: 
5 R'" represents a divalent group having from 1 to 10 cartK)n atoms, optionally containing one or more heteroatoms, 
preferably 0, N, P or Si. which is bridge-linked between Cp and R" with a covalent bond. R*" is preferably selected 
from alkylene. dialkylsilylene. diarylsilylene, alkyt- or aryl amino or phosphino radicals, arylene. arylene-bis- 
alkyiene etc. 

*n" is an Integer and is equal to the valence of M less 2; 
10 VcanbeOorl. 

In the compounds having the above formula (II). when V is 0 the two groups R" and Cp are not bridge-linked to 
each other. Typical non-limiting examples of R"* are methylene. 1 ,2-ethylene. dimethylsitylene groups. 

The metal M in the conpound having formula (II) is preferably selected from titanium, zirconium or hafnium in their 
IS . oxidation state of -i^. In this case 'n" in formula (11) is preferably equal to 2. 

According to the present invention, the R' groups of formula (II] can each independently represent a hydride or haf- 
ide. such as chloride or bromide, a C^Cs alkyi group such as. for example, methyl, ethyl, butyl, isopropyl* isoamyl, octyl. 
benzyl, a C3-C12 aikyisilyl groMp such as, for example, trimethylsilyl, triethylsilyl or tributyisilyl. a cycloalkyl group such 
as cyclopentyl or cyciohexyl, a Ce-Cio aryl group such as phenyl or toluyl, a Ci-Cb alkoxyi group such as, for example. 
20 methoxyl, ethoxyt, iso- or sec-butoxyl. or again, a C2*Cio dialkyiamide or C4-C20 alkylsilylamide group, preferably of the 
type which can be represented with the general formula -NR^R^ wherein R* and R^ are alkyl groups having from 1 to 
4 carbon atoms, such as. for example, methyl, ethyl or butyl groups, or, in the case of alkylsilylamides. aikyisilyl having 
from 3 to 6 cart>on atoms, such as. for example, trimethylsilyl or triethylsilyl. The R* groups, when "n" is equal to 2. can 
also be joined to each other with a covalent bond to form a cyclic structure comprising the metal M. (R')2 groups of this 
2S latter type are. tor example, 1 ,4-tetra-methylene, ethylenedkKide or malonate group& 

The R* groips (II) preferably represent a radical selected from chloride, methyl, benzyl and diethylamine. 

In a particularly preferred form the R' groups are the same as each other. 

According to the present invention, the Cp group in formula (II) Is an anion containing an ii^-cyclopentadienly ring 
which preferably derives (formally by the extraction of a ion) from a molecule of cyclopentadiene, indene orfluorene, 

30 or from a derivative of one of the above conpounds, in which one or more cartx>n atoms of the molecular skeleton 
(included or not included in the cydopentadienty ring) are substituted with CyC^ alkyl or silylalkyi groups, or Ce-Cio aryl 
or aryloxy groups or C^-Cs alkoxyi groups. This Cp groip can also be condensed with one or more other aromatic rings 
as in the case, for example, of 4,5-benzoindenyl. Typical but non-limiting examples of these Cp groups are cyclopenta- 
dienyl, indenyl, 4,5,6,7-tetrahydrolndenyt groups and the corresponding methyl-substituted groups. 

3S As prevk}usly defined, R" in formula (II) can represent either a group included in the above definition of R' or. and 
preferably, a group included in the above def intion of Cp. In this latter case R" can indifferently be a cyclopentadienyl 
anion the same as or different from Cp. 

When "x" s 1 . the R" group is linked to the Cp group by the bridge R"'. in which case it evidently represents a group 
included in the definition of R' or Cp respectively, but having a positton substituted by the bond wHh the brkjge R ". 

40 Metallocenes having the above fbnmula (IQ are generally known in the art and can be prepared with one of the usual 
methods suitable for the case, described In synthesis handbooks of organometallic compounds, or in the vast patent 
literature relating to the use of metallocenes in the polymerization of olefins, which is generally used as reference. 

As already mentioned, the metailocene derivatives (A) of the present invention can be obtained by extraction reac- 
tions of a group sigma-bonded to the metal M in a compound having the previous formula (II). These reactions are pref- 

4S erabty carried out in an inert Ik^uid medium, preferably hydrocarbon, and are normally carried out by putting a 
compound having formula (II) in contact with a suitable co-catatyst (C) capable of activating the formation of the cationic 
species. 

Examples of these reactions are qualitatively summarized in the list below, which however does not limit the overall 
scope of the present Invention: 

so 

i) by pre-reacting a metailocene having the atx)ve formula (II) with an alkylating agent, preferably an aluminium tri- 
alkyl, in a molar excess 5-50/1. followed by the reaction, in an almost stoichiometric ratio with the metal M, with a 
strong Lewis acid such as, for example tris(pentafiuorophenyl)boron, or vtnth an ionic compound whose cation is 
capable of extracting one of the groups R' or R" and forming a neutral compound, and whose anion is non-coordi- 

ss nating; 

ii) by a reaction according to previous item i). without pre-reacting an alkylating agent, when at least one R' or R" 
group of the metailocene having the above formula (II). is alkyt or alkylene. 

ill) by the reaction of a metailocene having the above formula (11) with a molar excess, preferably 5-50/1 of an alu- 
minium trialkyl or an alkylaluminium halide definible with the formula AlRr^^Xa.^. wherein R is a C-t-Cs alkyl group. 
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linear or branched, or a mixture thereof, X is a halogen, preferably chlorine or bromine, and "m" is a dedmai number 
comprised between 1 and 3: 

Metallocene catalysts active in the polymerization of olefins without aluminoxane. which are suitable as component 
5 (A) of the catalyst of the present invention are described, for example, in the publications mentioned above relating to 
cationic metallocene derivatives of the known art as well as in the following patent publications, whose contents are 
herein Incorporated as reference: 

. European patent application published with the Nr.: EP-A 522.581. EP-A 495 375, EP-A 520732, EP-A 478913. 
10 EP-A 468651 . EP-A 427697. EP-A 421659. EP-A 418044; 

• International patent applications published with the Nr.; WO 92/00333. WO 92/05208; 

• U.S. patents 5064802. 2827446. 5066739. 

Non-limiting examples of metallocene derivatives (A) which can be used for the formation of the catalyst of the 
75 present invention are listed below in table 1 . with reference to the respective precursors from whose combination they 
are obtained. Accordingly, each metallocene compound In the left column can be combined with each Ionizing com- 
pound in the right column. 



TABLE 1 





Metallocene 


Co-catatyst (C) 




(n^-C5H5)2TiCl2 






(Ti^-THIndfeZrOg 


AlEtOz 


25 


(ti^'C5H5)22ra2 


AIR^3 + B(C6F5)3 




[1.2-en(Ti5-ind)2]2rCl2 


AlR'^a + CPhaq^-pcCgFjOJ" 




(Ti^-lnd)Zr(NMe2)3 


AIR63 + [Bu"3NHl+ • tB(C6F5)4]' 


30 


[Ph2Si(Ti^-lnd)2]2rCl2 


AIR«3 + [PhNMegH]* • IBCCeFs)^- 




[Me2Si{ii^-lnd)2]Hfa2 


AIR63 + [Ur-[B(C6F5)J' 




[PH(ii5.C5H5){ii5.Flu)J2rCl2 


AlRS + [Ur-[AI(C6F5)4]- 


35 


[MegSih^-Csf^e^jCNBu^JTiClg 


AIRS + [PhNMezH]-^ • IB(C6F5)4]" 


{tl*-C5H5)22ra(NMe2) 






(n^-CsMesjaZrlVlea 


IPW-IB(C6F5)4r 




(^^-C5H5)2TiCIMe 


[Bu"3NH]*.[B(C6F5)4]- 


40 


[1.2-en(Ti5.THInd)2]2rMe2 


tPhNMe2H]*»[B(C6F5)4]- 




[1.2-en(ti5-lnd)2]TiMe2 


B(C6F5)3 


45 


Abbreviations: Me = methyl. Et = ethyl. Bu^ = tert-butyl. Bu' = iso-butyl. Bz » 
benzyl, PH s 2,2-isopropylidene, Me2Si & dimethytsilylene. Ind = indenyl, 
THInd = 4,5.6.7-tetrahydroindenyl. Ru = fluorenyl. 1,2-6n b 1,2-ethytidene. 
Ph2Si s diphenylsilylene, » (methyl, ethyl of isobutyl). 
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50 Also included in the scope of the present invention are those conrponents (A) consisting of or obtained by starting 
from a metallocene belonging to any one of the groups previously described, which is supported on an inorganic or pol- 
ymeric organic solid inert medium, preferatjiy selected from inert inorganic oxides, more preferably selected from alu- 
mina, silica and silicoaluminates. These supported complexes can be obtained by impregnating the carrier with a 
solution in an inert solvent of the metal complex, or they can be prepared with methods which comprise the formation 

55 of relatively stable chemical bonds between complex and carrier. Supported ionic metallocene derivatives active in the 
polymerization of olefins without aluminoxanes or other organo-oxygenated compounds of non-transition metals, and 
methods for their preparation, are described in literature, for example, in published European patent application Nr. EP- 
A 522.581 and in International patent application WO 91/09882. 

Component (B) f the catalyst of the present invention consists of a weaMy co-ordinating, aprotic polar compound. 
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These conrpounds are characterized by a high polarity of the molecule and oor^equently by a high dielectric constant 
preferably equal to or higher than 3.0. more preferably equal to or higher than 4.0. They must also have a relatively low 
co-ordinating capacity. 

In accordance with the present invention, the co-ordinating capacity of a chemical compound is defined as sped* 

5 fled in the publication of V. Guttmann "Coordination Chemistry Review", vol. 18 (1976), pages 229-231 , whose contents 
are included herein as reference. In particular, the co-ordinating capacity of a compound B (also called "donicrty", ON) 
Is defined by the equation: 

DNg B-Hgsbce 

10 

wherein Hesbcis enthalpy expressed in kcal. measured by the interaction of B with SbCIs in a very 

dilute solution of dichloroethane. 

A compound suitable for use as component (B) according to the present invention should preferably have a co-ordi- 
nating capacity DN equal to or less than 10 kcal/mole, more preferably equal to or less than 5.0 kcal/mole. 
rs . For the purposes of the present invention it is preferable that the contact between (A) and (B) gives rise only to 
reversible physical or chemical interactions. 

Component (B) of the catalyst of the present invention preferably consists of a weakly co-ordinating polar com- 
pound or mixture of compounds, which contain carbon atoms and/or silicon, and one or nrx)re heteroatoms or hetero- 
groups such as, for example, halogens, preferably chlorine or fluorine, weakly coordinating O. N, P or S atoms such as, 
20 for example, in case of electronically poor compounds such as pentafluoroanisol or in sterically hindered ethers, car- 
bonates or amines such as 2.6-di-t-butylaniline, 2.2,5.5-tetramelhyttetrahydrofuran or 2,5-di-t-butylfuran. 

Component (B) of the present invention preferably consists of a monomeric compound having from 1 to 30 cartx>n 
atoms, or a mixture of these compounds, although polymeric compounds also having more than 30 carbon atoms are 
not excluded from the scope of the present inventkm. 
25 Preferred components (B) are organic compounds containing at least one heteroatom selected from 0, N. P or S 
which have a co-ordinating capacity DN of less than 5 kcalAnole. Particularly prefen-ed (B) components are the organk: 
compound containing O. N. P or S atom(s) bonded to at least one f luorinated C€ui>on atom or to a f luorinated aromatic 
ring. Also preferred are f luorinated heteroaromatic compounds. 

Typk^l but non-limiting exanrples of compounds which can be used as component (B) in the present invention are: 

30 

- halogenated ethers such as S-perf luorohexyl-1 .2-epoxypropane. 3-(2.2.3.3-tetrafluoropropoxy)-1 ,2-epoxypropane, 
2-trtfluoromethyltetrahydrofuran. 2-trichloromethyttetrahydrofuran 1,1.2.2-tetrafluoromethyiether, 1.1.2-trifluoro-2- 
chloroethyl-2.2.2-trifluoroethylether. 2.2.2-trifluoroethyle1hylether, 2.2,2-trifluoroethyltriethylether. 2,5-difluorotet- 
rahydrofuran, 2,2.2-trifluoroethyltrimethylsilylether, 2,2.2-trifluoroelhyllriphenylsilylether, 2-metfioxy- 1,1,1 -trifluoro- 

35 propane. 2.2,2-trrfluoroethoxycyclohexane, pentafluoroanisol, 2-trifluoromethyttetrahydropyrane; 

• halogenated weak amines such as pentaf luoropyridine, perf luoro-N-methylmorpholine. N-trifluoromethylpyrrole; 

- sterically hindered and/or electronically stabilized amines or ethers such as 2,6-di-t-butylpyrkilne. 1 ,3-dimethoxy- 
benzene, 2.2.5,5-tetramethyltetrahydrofuran, 2.5-di-t-butyltetrahydrofuran. 

40 The nx)les of component (B) in the catalyst of the present invention are normally in excess with respect to the gram- 
atom weight of the transitions metal or lanttianide of the metallocene derivative. The ratio between the moles of (B) and 
the moles of the metallocene is preferably between 2 and 10,000, more preferably between 20 and 500. 

The catalyst of the present Invention can be prepared by simply putting the two components (A) and (B) in contact 
in the desired proportions. The temperature is not generally critical, within the limits In which the two components have 

45 sufficient stability. The contact preferably takes place at temperatures of between room temperature and ttie polymeri- 
zation tempeiBture. 

The contact between (A) and (B) is preferably earned out in an inert liquid medium in which at least component (B) 
is soluble. This liquid medium can be tiie same polymerization solvent, if used, or also a monomer to be polymerized. 
Preferred liquid mediums are the hydrocarbon solvents normally used in the polymerization of olefins such as, tor exam- 
50 pie, hexane, heptane, toluene, etc. 

Components (A) and (B) are preferat)ly put in contact with each other at the beginning of the polymerization, for a 
time at least equal to the minimum period necessary to complete the desired activation of component (A). This period 
is normally between 20 seconds and 1 5 minutes, depending on the respective nature of tiie two components. The con- 
tact between the two components (A) and (B) can obviously be prolonged beyond this period witiiout any inconven- 
55 ience. and tiierefbre the catalyst of the present invention can be fransported or stored until ttie moment of use witiiout 
any particular drawback, provided the precautions and regulations normally required for a satisfactory conservation of 
component (A) alone, are observed. 

Besides components (A) and (B), the catalyst of the present invention can comprise, if necessary or desirable, all 
the other known components which are normally considered appropriate in a process for the polymerization of alpha- 
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olefins wherein the conponent (A) as such is used as cataJyst. 

The catalysts of the present invention can be used in the (co)potymerization of olefins to give linear polymers hav- 
ing different characteristics as a function of the olef in(s) which is (co)potymerized and the process conditions Alpha-ole- 
fins which can be polymerized with the catalysts of the present invention preferat>ly contain from 2 to 20 cart)on atone 

5 and can also c mprise heteroatoms. The present catalyst can preferably be used in homo- and co-polymerization proc- 
esses of 1-alkenes such as ethylene, propylene, 1-butene, 4-methylpentene. 1-octene. 1-decene, styrene, etc.. to give 
amorphous or crystalline polymers with a high molecular weight or also of a lower molecular weight, when desired, the 
polymerization being carried out under suitable conditions for the purpose, normally known in the art. 

The catalysts of the present invention can be used with excellent results in the polymerization of ethylene to give 

10 linear polyethylene and in the copolymerization of ethylene with propylene or higher alpha-olef ins to give copolymers 
having different characteristics depending on the specific polymerization conditions and the quantity and structure of 
the alpha-olefin itself used as comonomer. The catalyst of the present invention can also be conveniently used for the 
terpolymerization of ethylene, propylene and a diene to obtain vulcanizable rubbers of the EPDM type. 

When the component (A) is suitably structured for the aim. the present catalysts can also be advantageously used 

75 for the stereoselective polymerization of alpha-olefins, preferably containing from 3 to 20 cartxin atoms, to obtain iso- 
or syndiotactic polyolefins with a high stereospedficity The iso- or syndio-tactic orientation essentially depends on the 
structure of the alpha-olefin which is polymerized. For example, isotactic polymers of propylene (isotactic polypropyl- 
ene) and 1-butene (isotactic poly-1-t>utene) and syndiotactic polynters of styrene and its homologous substitutes, are 
(^stained. 

20 The catalysts of the present invention can be used with excellent results In essentially all known polymerization 
processes of alpha-olefins, and particularly in processes in suspension, at low. medium or high pressure and at tem- 
peratures of between 50 and 240^0, or In processes in solution in an inert diluent operating normally at pressures of 
between 10 and 150 bars and temperatures of between 50 and 230°C. Hydrogen is usually used as molecular weight 
regulator. Preferably the catalyst of the present invention is used in polymerization processes at temperatures com- 

25 prised between 50 ani 40 *C. 

In all cases, the catalysts of the present invention are characterized by a notable inaease in activity with respect to 
that which can obtained with component (A) alone, without the addition of the weak co-ordinating polar compound (B). 
Increases in productivity even up to fifteen times greater than that of component (A) alone under the same conditions 
are surprisingly obtained with the improved catalysts of the present invention. Although not being bound to any partic- 

30 ular theory, it is believed that the higher activity witii respect to component (A) alone may derive both form an activating 
and stabilizing effect of component (B). 

According to a particular aspect of the present invention, the improved catalyst for the (co)polymerlzation of alpha- 
olefins is prepared separately in accadance with one of the methods mentioned above, and subsequentiy introduced 
into tiie polymerization environment The catalyst can be charged first into the polymerization reactor followed by the 

35 reagent mixture containing the alpha-olefin and possible comonomers, or the catalyst can be charges In tiie reactor 
already containing the reagent mixture, or. finally, the reagent mixture and the catalyst can be fed contemporaneously 
into a continuous reactor 

According to another aspect of the present invention, tiie catalyst is formed in situ in the polymerization reactor, for 
example by charging components (A) and (B) separately from each other in tiie appropriate proportions and possibly 
40 in tiie presence of an inert solvent. 

According to the present invention, component (B) can also be fed to ttie reactor mixed witti tiie stream containing 
tiie nrxmomer, component (A) being fed separately. 

The present invention is furtiier described k>y tiie following examples which however are purely illustrative and do 
not limit tiie overall scope of the invention itself. 

45 

A solution of a catalyst of the present invention is prepared as follows: 

0.46 ml of a 1.8 M solution of aluminium ethyldichkM'ide in toluene (AlEtClg. 0.8 mmoles. commercial product 
so ALORICH) are added to a solution obtained by dissolving 25.8 mg of bis(t]^-cyclopentadienyl)titanium dichloride (com- 
mercial product ALDRICH, 0.1 mmoles). purified by sublimation, in 15 ml of anhydrous toluene, and the mixture Is left 
under stirring for 10 minutes at room temperature; a solution is obtained which Is initially orange and subsequentiy dark- 
ens to brownish colour (component A). 

0.6 ml of pentafluoroanisol (PFA. commercial product ALDRICH. 25 mmoles, component B] previously distilled on 
55 calcium hydride are then added and the mixture is left under stirring for a further 10 minutes at room temperature; an 
olive-green solution of tiie desired catalyst is obtained (molar ratios Al/Ti/PFAeS/IMO). which is maintained under an 
inert atmosphere. 

100 ml of toluene are charged into a 250 ml tailed test-tube in a nitrogen atmosphere, previously deaerated by vac- 
uum/nito'ogen repeated three times. The nitrogen is then sut3Stituted witti etiiylene (purity 99.95%), carrying out tiiree 
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washings with this and ethylene pressure is left at 101 kP& (1 atm). 

4.9 ml (0.032 mmoles of T1) of the catalyst solution prepared as above are then charged into the test-tube. The 
polymerization reaction is almost immediately activated. The polymerization is carried out for 10 minutes, continuously 
feeding ethylene to maintain the pressure constant at 101 kPa. The polymer is recovered by precipitation in acidified 
5 methanol and subsequent washings with acetone. After drying in a stream of air at room temperature for 24 hours. 0.44 
g of polyethylene are obtained, with a catalytic activity of 86 gpE/(nnolezf • 100 kPa^othyiene) • ^^)- 

EXAMPLE 2 tomoarative) 

10 A solution of a catalyst of the known art is prepared analogously to exan^e 1 above, but without adding PFA. 23.9 
mg of bis(n^'cyciopentadienyl)titarvum dichloride. 15 ml of toluene and 0.42 ml of the toluene solution of AIEtCt2 are 
used (molar ratios Al/Ti/PFA = 8/1/250). A polymerization test of ethylene is then carried out using this catalyst (5.3 ml 
of solution. 0.032 mmoles of Ti). operating as in example 1 above. At the end 0.038 g of polyethylene are obtained, with 
a catalytic activity of 7 gpg/Cmmolezr • 100 kPa^etf^en.) • h). 

IS 

EXAMPLE 3 

A solution of a catalyst of the present invention is prepared as follows. 

0.72 ml of a 10% solution by volume of aluminium triethyl in toluene (AlEta. 0.516 mmoles. commercial product 
20 ALORICH) are added to a suspension of 21 .6 mg of ethytdne-bis-(Ti^-indenyi)zirconium dicNoride (commercial product 
WITCO, 0.052 mmoles) in 20 ml of anhydrous toluene; a yellow suspension is obtained which subsequently becomes 
lighter. 

8.6 ml of a toluene solution containing 26.4 mg of triS'(pentafluorophenyl)boron (0.052 mmoles) are then added to 
the same suspension, and a limpid green solution is rapidly obtained (component A). ^ 

25 1 .75 ml of PFA (12.5 mmoles, component B), previously distilled on calcium hydride, are then added to the green ^ 
solution and the mixture is left under stinring for a farther 10 minutes at room temperature; a pink-coloured solution of 
the desired catalyst is obtained (molar ratios AI/2r/PFA = 10/1/240). which is maintained under an inert atmosphere. 

A BUCHI autoclave with a one litre glass reactor, equipped with a propeller stirrer, thermocouple and themiostatic 
jad^et, is preliminarily maintained under vacuum for two hours and subsequently filled with nitrogen. The same opera- 

30 tion of vacuum/nitrogen is repeated twice. 500 ml of anhydrous toluene (distilled on metallic sodium) are then intro- 
duced and ethylene is punrped in up to a pressure of 202 kPa (2 atm). The temperature is brought to 70''C. The 
autoclave is depressurized and 15.1 ml of the catalyst solution prepared as atxjve are charged, under ethylene flow 
(0.024 mmole of Zr). The pressure is brought again to 202 kPa. with the immediate start of the polymerization reaction 
which is carried out for 10 minutes maintaining the autoclave at 70'*C under stirring, and continuously feeding ethylene 

35 to maintain the pressure constant at the initial preset value. At the end of the reaction, the polymer is recovered by pre- 
cipitation with acidified methanol and subsequent washings with acetone. 

After drying at room temperature in a stream of air. 6.7 g of polyethylene are obtained with a catalytic activity of 838 
gpE/(mmolezr • 100 kPa(,tt,yton.) " h) 

40 EXAMPLE 4 f comparative^ 

The procedures for the preparation of the catalyst and the polymerization as described in example 3 above are 
repeated exactly, with the only difference that PFA is not added to the component (A) solution. 

At the end of the polymerization and after drying, 1 .0 g of polyethylene are recovered, with a catalytic activity of 125 
45 gpE/(mmolezr • 100 kPa(.thytong) ' h). 

EXAMPLES from 5 to 12 

Eight catalysts are prepared and tested in a polymerization process according to the same procedures as 
so desaibed in example 3 above, with the only difference that a component (B) different from PFA is added to the compo- 
nent (A) solution, according to the compounds and amounts reported for each example from 5 to 9 in the following Table 
2. 

At the end of each polymerization test, the polymer is recovered and treated exactiy as described in example 3. The 
results are summarized in Table 2. 

55 
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5 


Example 


Component (B) 


Amount of (B) 
(mmoles) 


ridd PE 


Activity 




3 


1 ,2,3 ,4, 5-pentafluoro- 


12.5 


6.7 


838 


10 


4* 


None 


0.0 


1.0 


125 


IS 


5 


trifluoromethyl- 
piicuyiciuci 


12.5 


1.3 


158 




6 


2,2.5,5-tctramethyl- 

icu oiij ui uiui aiic 


12.5 


1.7 


207 


20 


7 


1 ,3-dimethoxybenzene 


12.5 


2.0 


244 


25 


8 


4-fiuoroanisol 


26.0 


3.0 


366 




9 


Pentafluoropyridtn 


12.5 


3.8 


463 


30 


10* 


Diisobutylphthalate 


12.5 


0.0 


0 


35 


11* 


Diisobutylphthalate 


2.6 


0.0 


0 




12* 


Tetrahydrofiirane 


12.5 


0.0 


0 



40 ' 

^ Comparative Example 



TABLE 2: ethylene polvmerization 



EXAMPLE 13 

SO 

A 1 1Ker autoclave, prepared and equipped as previously described in example 3. is filled with 470 ml of anhydrous 
toluene (distilled on metallic sodium) and 30 ml anhydrous 1-hexene. Ethylene is then introduced up to a pressure of 
202 kPa (2 atm). The temperature is brought to AO^O. The autoclave is depressurized and 15.0 ml of the catalyst solu- 
tion prepared according to pre/ious example 3 are charged (0.023 mnxjle Zr). under ethylene flow. The pressure is 
55 brought again to 202 kPa. with the immediate start of the polymerization reaction which is carried out forlO minutes 
maintaining the autoclave at 40**C under stimng. and continuously feeding ethylene to maintain the pressure constant 
at the initial preset value. At the end of the reaction, the polymer is recovered by precipitation with acidified methanol 
and subsequent washings with acetone. 

After drying at room temperature in a stream of air. 1 .2 g of ethylene/1 -hexene copolymer are obtained with a cat- 
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alytic activity of 155 gcop/(mnfiole2r • 100 kPa^ethyten©) ' "The copolymer has a content of 1-hexene derived mono- 
merle units of 4.2 moi %. as determined by ''H-NMR spectroscopy. 

FXAMPtPlAfftnmnarative^ 

5 

The polymerization procedure according to example 1 3 alMve. is repeated exacUy, with the only difference that PFA 
Is not added to the conponent (A) solution in the preparation of the catalyst according to example 3. 

At the end of the polymerization and after precipitation with acidified methanol, traces of solid appeared, which 
gave lew milligram of uncharacterized product after separation and drying. Thus, the ionic catalyst obtained according 
10 to example 3 resulted to be unactive in the copoiymerization of ethylene in the above-specified conditions, in the 
absence of an activator according to the present invention. 

EXAMPLE 15 

IS . A solution of a catalyst of the present invention is prepared as follows. 

0.60 ml of aluminium triethyl (AIEta. 4.01 mmoles) are added to a solution of 1 1 .7 mg of ethylene-bis-(Ti^-cyclopen- 
tadienyQzirconium dichloride (commercial product FLUKA. 0.04 mmoles) in 5 ml of anhydrous toluene; a pale yellow 
solution is obtained. 

3.88 ml of a toluene solution containing 37 mg of triphenylcarbenium tetrakis-ipentafluorophenyOborate (0.04 
20 mmoles) are then added to the same solution, and a limpid red solution is rapidly obtained (component A). 

1 .36 ml of PFA (9.6 mmoles, component B). previously distilled on calcium hydride, are then added to the red solu- 
tion and the mixture is left under stin'Ing for a farther 10 minutes at room temperature and brought to 50 ml total volume 
with anhydrous toluene. The red-coloured solution of the desired catalyst thus obtained (molar ratios AI/Zr/B/PFA « 
100/1/1/240. [Zr] e 0.8 mmole/L) Is maintained under an Inert atmosphere. 
2S A polymerization reaction is canied out according to the procedure of example 3. but with the following differences. 

0. 38 ml of a 10% toluene solution of triethylalumtnum (0.2 mmoles) are first dropped in and mixed with the 500 ml tolu- 
ene In the autoclave: then 0.63 ml (5 • 1 0*^ mmole of Zr] of the catalyst solution prepared as above are charged under 
ethylene flow. The polymerization reaction is caried out for 30 minutes maintaining the autoclave at 70*'C under stirring. 

After drying at room temperature in a stream of air. 7.1 g of polyethylene are obtained with a catalytic activity of 
30 1 4210 gpE/(mnfK>le2r • 100 kPa^othyten*) • h). 

EXAMPLE 16 fcomoarativB) 

The procedures for the preparation of the catalyst and the polymerization as described in example 15 above are 
35 repeated exactly, with the only difference that PFA is not added to the component (A) solution during the preparation of 
the catalyst. 

At the end of the polymerization and after precipitation with acidified methanol and drying of the recovered solid. 
3.7 g of polyethylene were obtained, with a catalytic activity of 7400 gpE/(mmolezr • 1 00 kPa^^ihyj^rw) • h). 

40 EXAMPLES 1 7 fcomparative) and 18 fcomparative> 

The procedures for the preparation of the catalyst and the polymerization as described in example 15 above are 
repeated exactly, with the only difference that PFA is replaced by 9.6 moles of dilsobutylphthalate (2.5 ml. AI/Zr/B/DIBF 
e 100/1/1/240) during the preparation of the catalyst 
45 At the end of the polymerization and after addition of acidified methanol, no precipitation of polymer was detected. 

The same negative result is obtained when 2.0 mmoles of dilsobutylphthalate are used (0.53 ml. AI/Zr/B/DIBF m 
100/1/1/50) 

Claims 

so 

1. Catalyst for the (co)polymerlzat>on of alpha-oleflns, comprising the following components in contact with each 
other: 

(A) a metallocene derivative of a metal selected from the group consisting of transition metals and lanthanides. 
55 capable in itself of promoting the polymerization of olefins without organb-oxygenated compounds of metals of 

groups 13 or 14 of the periodic table of elements. 

(B) a substance not containing metal atoms, characterized in that this substance (B) consists of an aprotic 
polar compound having a weak co-ordinating capacity. 
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2. The catalyst according to claim 1 . wtierein said metallocene derivative conrprises or can be obtained starting from 
a metallocene having the following formula (11): 



5 



10 




IS 

wherein: 

M represents a metaJ selected from metals of groups 3 to 5, or from the group of lanthanides In the periodic 
20 table of elements; 

Cp is an anion containing a ^-cydopentadienyl ring co-ordinated to the metal M; 

each of the n independently represent a substituent group selected from hydride, halide, a Ci-Cg alkyl 
group, a C^-C^z alkyisilyl group, a C^-C^ cycioalkyi group, a Cq-C^o aryl group, a CyO^ alkoxyl group, a CrCs 
cartxxxyl group, a dialkylamide group and a C4-C2g all^lsllylamide group; 

25 R" represents a substituent group of the same nature as the previous R' groups, independently selected from 

these, or a second anion containing an ^-cydopentadienyt ring co-ordinated to the metal M; 
R*" represents a divalent group having from 1 to 10 cartx)n atoms, optionally containing one or more heter- 
oatoms. preferably O. N. P or Si, which is bridge*linked between Cp and R" with a covaJent bond. R'" is prefer- 
ably selected from alkylene, dialkylsilylene, diarytsilylene. alkyl- or aryl amino or phosphino radicals, arylene. 

30 arylene-bis-alkylene etc. 

"n" is an integer and is equal to the valence of M less 2; 
VcanbeOorl. 

3. The catalyst according to daim 2. vvherein, in formula (11). V is 1. R*" is selected from alkyiene, dialkylsilylene, dia* 
35 ryisllylene, arylene and arylene-bis-alkylene and R" is a second anion containing a ^-cyclopentadienyl ring co-ordi- 
nated to the metal M. 

4. The catalyst according to claim 2, wherein, in formula (II). V is 0. and R" is a second anion containing a ^- 
cydopentadienyl ring co-ordinated to the metal M. 

40 

5. The catalyst according to any of the previous daims, wherein the metal of said metallocene derivative is selected 
in the group consisting of titanium, zirconium and hafniura 

6. The catalyst according to any of the previous daims, wherein said metallocene derivative is of an ionic nature and 
45 the metal M is indued in the cation. 

7. The catalyst according to any of the previous daims, wherein sakl metallocene derivative in conponent (A) is in 
solution or in suspension in an inert liquid medium, preferably apotar. 

50 8. The catalyst according to any of the previous clainfrs, wherein said metaltocene derivative in component (A) is sup- 
ported on an inert solid medium, preferably selected from Inert inorganic oxides, more preferably selected from alu* 
mine, silica and silicoaluminates. 

9. The catalyst according to any of the previous claims, wherein said component (B) consists of a compound having 
55 a dielectric constant greater than or equal to 3 and a co-ordinating capacity DN less than a equal to 10 kcal/mole. 

10. The catalyst according to any of the previous claims, wherein said component (B) consists of a compound having 
a co-ordinating capacity DN less than oc equal to 5.0 kcai/mde. 
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11. The catalyst according to any of the presrious claims from 1 to 10. wher in said component (B) consists of an 
organic compound containing at least ne heteroatom selected from O, N. P or S. which has a co-ordinating capac- 
ity DN less than 5 kcal/imoie. 

12. The catalyst according to pre/ious claim 1 1 , wherein said component (B) consists organic compound containing O. 
N, P or S atom(s) bonded to at least one fluorinated cart>on atom a to a fluorinated aromatic ring. 

13. The catalyst according to previous claim 11. wherein said component (B) is a fluorinated heteroaromatic com- 
pounds. 

14. The catalyst according to claim 12. wherein said component (8) consists of pentafluoroanisol. 



15. The catalyst according to any of the previous claims, wherein the ratio between the moles of said substance of 
conponent (B) and the gram-atom weight of the transition metal or lanthanide in component (A) is between 2 and 

IS 10,000. preferably between 20 and 500. 

16. A process for the (co)polymerization of alpha-olefins, comprising feeding said alpha-olefin and the possible co- 
monomers to a continuous or batch reactor, and (co)polymerizing the mixture in suspension or solution in a suitable 
liquid medium in the presence of a polymerization catalyst, characterized in that said catalyst is the catalyst accord- 

20 Ing to any of the previous claims from 1 to 1 5. * 

17. The process according to claim 16, wherein the polymerization reaction is carried out at a temperature from 50 to 
140 "C. 

25 18. The process according to any of the previous claims 16 or 17. wherein said alpha-olefin is ethylene. 

19. The process according to any of the previous claims from 16 to 18, wherein said catalyst is formed in situ in the 
polymerization reactor by contact of said components and (B) according to claim 1 . 

30 20. The process according to claim 1 9, wherein said component (B) is fed to the reactor mixed with the alpha-olef ia 
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